INTRODUCTION
The differential equation of the dipole moment of coherent oscillations in the presence of a feedback system is derived. The analysis, which starts in the time domain., is extended to the frequency domain; this allows a straightforward derivation of the damping rate for both coasting and bunched beams. The damping rate is expressed in terms of the transfer function of the feedback system and in a general form which takes into account the S-function and betatron phase modulation along the beam trajectory, the effect of memory arising from the finiteness of the system bandwidth, the effect of the time delay and of the betatron phase advance between detector and kicker. Some examples of the dependence of the damping rate on the feedback parameters are given.
DESCRIPTION OF THE SYSTEM AND DEFINITION OF THE SYMBOLS
The schematic layout of the system is shown in Fig. 1 where sK and PK denote the position of the kicker,SK the S-function value at the kicker location. In this case, Eq. 6) can be written Let's express the displacement of the i-th particle in the form
where the normalized amplitude (in the Courant-Snyder sensel) gi can be complex, and is independent of time.
The dipole moment D(0,t) is given by
where 6p is the periodic 6-function, and the summation over i extends to all the particles in the beam. 
where Op is the azimuthal position of the detector. Denoting by F(c) the Fourier transform of F(t), and substituting Eq. 4) into Eq. 9), we obtain A(t) = N (/ e o¢ODI-OD) e-jnOD .
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We mav now substitute Ea. 10) into Eq. 8), convert the equation in the (P,iP) variables and average over one revolution. Since, on average, e (n-vo)cot6 (¢,< )e-j (n-vo) e-j Vofe iVO K~K ).
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The perturbed frequency v is thus given by 2 2
The imaginary part of v gives the damping rate. 4. DISCUSSION ON THE EQUIVALENT IMPEDANCE OF THE FEEDBACK SYSTEM Equation 9) states that the damping rate depends on the Fourier transform of the Green function of the chain detector-kicker. In analogy with the definition of impedance which is used in describing collective phenomena, this function represents the impedance of the feedback system. This concept of impedance of a feedback system is, of course, well known. However, there are certain aspects which relate it to the temporal behavior of the response of the system which are worth discussing.
Let F(t) be the Green's function of the system, with F(t) = 0 for t <T, T > 0, and let G(t) F(t+T).
From the definition of Fourier transform co -jwt F(w) = f F(t)e dt G (w) = e i F (o) As an example, let's consider the system depicted in Fig. 2 . The kicker consists of a magnetic deflector; thus G(w) is the frequency response of the current in the kicker to an input voltage at its input (2, 2'). F(w) is the current frequency response to a voltage signal at the detector (1,1'). Let's assume that the transfer function detector output (1,1')-kicker input (2,2') consists of a pure delay T, and let's express this delay as 
where P-IID+PK is the betatron phase advance from the detector to the kicker. 
The choice between Eqs. 13) and 14) depends on the characteristics of the kicker response: the faster the decay time response to a 6-function drive, the smaller the number of significant terms in the summation of Eq. 14) compared to Eq. 13).
From the discussion of the previous section, we see that if the phase advance between detector and kicker is an odd multiple of 90' and £=0, all the coupled bunch modes can be damped. Any departure from the above conditions may lead to some modes being antidamped.
DEPENDENCE OF DAMPING RATE ON SOME FEEDBACK PARAMETERS
We have applied the results of Eqs. 11), 13), 14) , to the study of the type of feedback system depicted in Fig. 2 . This is an ideal system where the delay line introduces a pure real delay T and the kicker is approximated by a resistance (R) in series with an inductance (L). 
